Pathogenic Yersinia species employ several strategies to evade the host immune system, including interfering with cytoskeletal remodeling as a way to block macrophage phagocytosis. The kinase YopO binds directly to monomeric actin and phosphorylates the actin-remodeling protein gelsolin, but the functional importance of this gelsolin modification has not been clear. A combined biochemical, computational, and biophysical study now reveals that YopO-mediated phosphorylation activates host gelsolin, leading to severed actin filaments and disturbed actin dynamics.
Pathogenic Yersinia species employ several strategies to evade the host immune system, including interfering with cytoskeletal remodeling as a way to block macrophage phagocytosis. The kinase YopO binds directly to monomeric actin and phosphorylates the actin-remodeling protein gelsolin, but the functional importance of this gelsolin modification has not been clear. A combined biochemical, computational, and biophysical study now reveals that YopO-mediated phosphorylation activates host gelsolin, leading to severed actin filaments and disturbed actin dynamics.
The actin cytoskeleton forms the central organizing scaffold for the cell, and thus changes in cell structure are often driven by or at least concomitant with changes in actin assembly. In normal cells, precise control of actin cytoskeletal dynamics is essential for cell migration, cytokinesis, vesicle trafficking, phagocytosis, and many other cellular events (1) . To facilitate these processes, the cytoskeleton can be dynamically remodeled by regulation of actin polymerization/depolymerization, filament severing, end-capping, and/or filament bundling. Many pathogenic bacteria and viruses have developed ways to take control of these actin regulatory mechanisms to support colonization and propagation. For example, intracellular pathogens, including Listeria, Shigella, and Rickettsia, promote polymerization of host actin on bacterial surfaces, which enables actin-based motility for intracellular movement and cell-to-cell spreading (2) . In contrast, other pathogenic bacteria, including Escherichia, Vibrio, and Yersinia, stay outside of the host cells and inject virulence factors into host cells to modify the actin regulatory mechanisms and disrupt host defense machinery (3) . Despite the importance of these strategies to bacterial colonization, we have only limited knowledge about the biochemical mechanisms underlying such host-pathogen interactions.
Pathogenic Yersinia species cause multiple types of illnesses in humans. Yersinia pestis causes plague, which was a disastrous epidemic disease before development of antibiotic treatments. Another species, Yersinia enterocolitica, causes the intestinal disorder yersiniosis. Upon infection, Yersinia bacteria attach to the host plasma membrane, form pores penetrating both bac-terial and host cell membranes, and inject Yops (Yersinia outer proteins) directly into the cytoplasm of the host cell. Six Yops (YopE, YopT, YopO, YopH, YopJ/P, and YopM) known to exhibit anti-phagocytic activities have been characterized as interacting with cytoskeletal and signaling molecules in the host cytoplasm (3). In particular, YopO (also known as YpkA (Yersinia protein kinase A)) has an N-terminal Ser/Thr kinase domain and a C-terminal GTP/GDP dissociation inhibitor domain. The YopO GTP/GDP dissociation inhibitor domain is inhibitory to Rho-GTPase signaling (4) . The YopO kinase domain is activated by binding to a host actin monomer and subsequent autophosphorylation (5) . Previous studies identified G␣q (the ␣ subunit of trimeric G protein) (6) and vasodilator-stimulated phosphoprotein (VASP) 2 (7, 8) as YopO substrates whose activity is inhibited by YopO phosphorylation. However, whether the prominent effects of YopO on the actin cytoskeleton are mediated solely by these substrates has remained unclear. Recently, Robert Robinson's group (8) reported that actin monomer acts not only as a YopO-kinase activator but also helps to recruit substrates for the kinase (Fig.  1 ). Specifically, YopO sequesters actin monomer from the polymerization process without blocking a common binding site for actin regulatory proteins including VASP, mDia1 formin, WASP, and gelsolin. These actin regulatory proteins can then form a ternary complex with the YopO-actin complex and are phosphorylated by YopO (Fig. 1) . This discovery revealed a novel mechanism by which YopO could potentially manipulate actin dynamics, by directly controlling a variety of actin regulatory proteins via phosphorylation. However, except for VASP, how YopO-dependent phosphorylation influences the activities of actin-regulatory proteins has not yet been established.
The Swaminathan group now resolves the uncertainty for one YopO substrate in their report that YopO-mediated phosphorylation constitutively activates gelsolin, leading to a novel mode of disruption of the host actin cytoskeleton (9) . Gelsolin normally severs actin filaments and caps the barbed ends of filaments in a calcium-dependent manner and is involved in a number of actin-dependent cellular events (10). Gelsolin consists of six gelsolin-like domains, which are connected by flexible linkers. In inactive gelsolin, these gelsolin-like domains are associated intramolecularly to form a compact conformation. Direct binding of calcium to gelsolin causes a major conformational change, opening up the molecule and exposing actinbinding sites (Fig. 1) . The authors identified three YopO phosphorylation sites in the linker between the third and fourth gelsolin-like domains. Molecular dynamics simulation of phosphorylated gelsolin and light scattering analysis of phosphomimetic gelsolin mutants suggest that phosphorylated gelsolin is in an open conformation, mimicking a calcium-activated state. Indeed, YopO-phosphorylated gelsolin and a phosphomimetic gelsolin mutant actively severed actin filaments in a calciumindependent manner in vitro. Constitutive activation of gelsolin by YopO is expected to promote disassembly of the actin cytoskeleton thereby impairing phagocytic activity of immune cells. Phagocytosis is characterized by cellular engulfment of large particles such as bacteria and requires highly coordinated actin assembly and disassembly to drive protrusion of phagocytic membranes around the particle followed by internalization in the phagocytic vacuole. Gelsolin is an essential factor for actin cytoskeleton remodeling events in normal phagocytosis. However, excessive gelsolin activity would be expected to shift the balance of actin dynamics toward filament disassembly. Therefore, this could provide an effective mechanism for Yersinia to escape phagocytosis and subsequent lysosomal degradation. In contrast, it is interesting that intracellular pathogens such as Listeria induce host cell phagocytosis for internalization but whether gelsolin activity is affected during Listeria infection is unknown. Further studies on the effects of bacterial virulence factors on actin regulatory proteins will be important to understand how pathogenic microbes employ different strategies to control host actin cytoskeleton.
A remaining question is the in vivo significance of YopO manipulation of gelsolin activity for Yersinia virulence. YopO phosphorylates multiple types of actin regulatory proteins (8) , but the functional effects of YopO phosphorylation on its other substrates, WASP and mDia formin, are unknown. Cell biological studies to determine relative significance of the YopO kinase substrates, as well as to identify new substrates, will be key to understanding a major pathway that Yersinia utilizes to modulate the host cytoskeleton. Beyond Yersinia pathogenesis, this work also provides insight into a novel, calcium-independent mode of gelsolin regulation. Although regulatory mechanisms of gelsolin activity by calcium and phosphoinositides are well characterized (10), phosphoregulation of gelsolin is poorly understood. Whether eukaryotic cells utilize a similar phosphoregulatory mechanism to activate gelsolin in a calciumindependent manner is a problem for future research. Further molecular and biochemical studies on actin-targeting pathogens should reveal novel mechanisms of cytoskeletal regulation in pathogens as well as their host cells. 
